ABSTRACT
INTRODUCTION
Erectile dysfunction (ED) is a common condition among men worldwide and has a negative impact on interpersonal relationships, overall self -esteem, sense of well-being, and quality of life for both men and women (1, 2) .
Oral phosphodiesterase type -5 inhibitors (PDE5Is) represent the first line of therapy for men with ED. While clinical studies have demonstrated that PDE5Is are efficacious, safe, and well tolerated, patient outcomes in clinical practice have been more variable due to a variety of factors including incorrect PDE5I administration and/or premature discontinuation of therapy (4, 5) . Given the contribution of successful PDE5I therapy to improvements in quality of life, confidence, and relationships (5) (6) (7) (8) , it is important to understand factors that may affect patients' continuation of therapy. Continuation itself may be considered based on two aspects -"persistence" (the patient's continuation of PDE5I therapy over a prolonged duration) and "adherence" (the patient's compliance with PDE5I dosing instructions).
Recent studies examining PDE5I persistence and adherence have demonstrated widely varying rates of persistence, ranging from 29% to 84% (9, 10) . Among non-persistent patients, commonly cited reasons for discontinuing PDE5I therapy have included the cost of medication, loss of interest in sex, loss of a sexual partner, lack of efficacy, or improvements in ED (10) (11) (12) . Notably, a lack of efficacy may be due to either the drug or to improper use of the medication.
Given that effective PDE5I therapy requires both that patients continue to take medication and that they take it correctly, understanding factors affecting persistence and adherence in clinical practice is essential to the effective treatment of ED. In the current study, we assessed persistence and adherence to sildenafil, tadalafil, and vardenafil on-demand therapy in Brazilian men with ED and sought to identify characteristics associated with non-persistence and non-adherence. The impact of treatment on patients' ED and measures assessing satisfaction with their sexual relationships and with their ED treatment were also evaluated.
PATIENTS AND METhODS

Study Design
A 6-month, prospective, observational, non-interventional study was conducted in Brazil, Mexico, and Venezuela during the period from October 2009 through January 2011. Overall results and a detailed description of the study methods have been published previously (13) . The present analysis was performed to characterize persistence and adherence specifically in the Brazilian men from that study.
In brief, sildenafil, tadalafil, vardenafil, or lodenafil on-demand dosing was prescribed to men by their clinician according to standard clinical practice. Changes to or discontinuation of the selected PDE5I treatment regimen were at the discretion of the patient and clinician. Evaluations were performed before the initiation of PDE5I therapy (baseline), and patients provided assessments of drug administration and dosing compliance, erectile function, sexual performance and satisfaction, and relationship status at 1, 3, and 6 months of treatment. The primary objective was to identify the persistence rate of prescribed PDE5I treatment at 6 months. Secondary objectives included identifying separate rates for each PDE5I and identifying factors that were associated with non-persistence and non-adherence.
Patients
Men from Brazil were eligible if they were ≥ 18 years of age, had been clinically diagnosed with ED (of any severity or etiology), were naive to PDE5I therapy, and agreed to be prescribed PDE5I on-demand therapy. All men provided written informed consent prior to initiating the study.
Outcomes Assessments
The Persistence and Adherence Questionnaire (PAQ) was administered at 1, 3, and 6 months. The PAQ asked patients if they had taken ≥ 1 dose of the originally prescribed PDE5I within the last 4 weeks (the persistence measure) and whether they had taken their most recent PDE5I dose according to their original treatment instructions (the adherence measure). Also administered at 1, 3, and 6 months postbaseline were the International Index of Erectile Function (IIEF) (14) ; the Erectile Dysfunction Inventory of Treatment Satisfaction (EDITS), a validated questionnaire (15) used to assess the patient's satisfaction with their current ED therapy; and the Self-Esteem And Relationship (SEAR) Questionnaire, a 14 -item validated measure (16) assessing the sexual relationship and overall confidence of the patient. Data for these measures were summarized at 6 months only for this report.
Safety
This was an observational, non-interventional study; the safety of PDE5I on-demand therapy was monitored by each patient's physician, but safety measures were not collected and analyzed for this report.
Statistical analysis
Persistence and adherence were each treated as dichotomous outcome measures. Patients were considered persistent if they had taken ≥ 1 dose of their originally prescribed PDE5I within 4 weeks prior to a given study visit. Patients were considered adherent if they had followed treatment instructions for their most recent PDE5I dose. Patients who did not complete assessments were considered to be non-persistent and non-adherent for that visit. Patients were considered to be persistent or adherent if they met the criteria at all prior postbaseline assessments. Treatment groups correspond to the PDE5I initially prescribed. Analyses were performed as described previously (13) . The primary analysis was the calculation of the proportion of patients who met the criteria for persistence at 6 months. Persistence was also assessed at 3 months and adherence at 1, 3, and 6 months. Persistence and adherence rates were also calculated for each PDE5I (sildenafil, tadalafil, vardenafil, and lodenafil) as well as a corresponding 95% confidence interval (CI), which was calculated as an exact CI for the binomial proportion using the F distribution. To identify factors associated with persistence and adherence, a multivariate logistic regression model was used to analyze data for the complete study population from Brazil, Mexico and Venezuela. Factors significantly associated with outcomes at the 10% level were included in the model, with stepwise reduction to exclude factors with p value > 0.05. Identification of factors presented in this report was based on modeling from the overall study population applied to data for patients from Brazil only. The Spearman Rank correlation and Kruskal--Wallis test were used to investigate associations between patient characteristics and adherence/ persistence.
Descriptive statistics (e.g., mean, standard deviation [SD], median, 95% CI) were used to summarize results from the IIEF, EDITS, and SEAR. Treatment groups correspond to the PDE5I initially prescribed. Findings were considered statistically significant if p < 0.05. Due to the small sample size, which limits statistical power, results with p ≥ 0.05 and < 0.1 were considered of potential interest and reported here as "weakly significant."
RESULTS
Patients
A total of 104 Brazilian patients entered the study; the prescribed PDE5I was sildenafil citrate for 50 (48.1%); tadalafil for 36 (34.6%); vardenafil for 15 (14.4%), and lodenafil for 3 patients (2.9%). For lodenafil, data were generally presented in the tables but not discussed in comparison to other treatment groups due the lack of ability to draw inferences due to the very low sample size. Of all men, 90 (86.5%) completed treatment, with comparable rates of completion across the three commonly prescribed treatments (84.0 to 88.9%).
Patient characteristics are summarized by study treatment in Table- 1. Mean (SD) ages ranged from 52.7 (17.9) to 58.7 (9.7) years, with an overall range of 26.0 to 79.0 years. Overall, most patients had ED of mixed (47.1%) or organic (36.3%) etiology, and for the majority (61.7%), ED severity was moderate. A slight majority of patients were diagnosed with hypertension (51.9%), 24% had diabetes mellitus, and 9.6% were obese.
Persistence and Adherence -Overall Study Population and Treatment Groups
Rates of treatment persistence and adherence are shown in Table- 2, and treatment persistence is illustrated by treatment in Figure-1A . At 6 months, the overall rate of treatment persistence was 69.2%. Treatment persistence was highest with tadalafil (75.0%), but similar between sildenafil and vardenafil (64.0% and 66.7%, respectively). Persistence at BMI = body mass index; ED = erectile dysfunction; N = number of patients in treatment group; n = number of patients observed/reported; SD = standard deviation Q = quartile.
3 months was also highest with tadalafil (86.1%) but similar for sildenafil (70.0%) and vardenafil (73.3%).
Overall adherence was 70.2% at 6 months (Table-2 ). The rate of adherence was highest with tadalafil (75.0%), then sildenafil (68.0%) and vardenafil (60.0%) (Table-2, Figure-1B ). At 1 and 3 months, adherence rates were also highest in tadalafil patients (Figure-1B) .
The differences in persistence and adherence estimates for the PDE5Is were not significant, as indicated by the overlapping 95% CIs. 
Baseline Characteristics of Patients by 6-Month Persistence and Adherence Status
Men who were persistent at 6 months differed from men who were non-persistent in that on average they were slightly younger (mean age 57.0 [11.2] differ between persistent and non-persistent men included employment status, educational level, and the presence of diabetes mellitus, hypertension, and coronary artery disease. The severity of ED differed in that a greater proportion of men who were persistent (versus non-persistent) had severe ED (29.0% versus 12.0%) and a lower proportion had moderate ED (55.1% versus 80.0%). The etiology of ED also differed by up to 18.3% between persistent and non-persistent men. Characteristics associated with adherence versus non-adherence were generally closely comparable to those associated with persistence versus non-persistence.
Correlation Analysis of Factors Associated with 6-month Persistence and Adherence Status
Results of analyses of the correlation of various factors with persistence or adherence at 6-months are shown in Table- 
Therapeutic Efficacy -Erectile Function, Sexual Performance, and Relationship Status
Sildenafil, tadalafil, and vardenafil on-demand dosing for 6 months were all effective in treating ED in Brazilian men, as baseline-to-endpoint improvements were observed for all treatments in all IIEF domain scores and both SEAR domain scores (Table-5 ). Patients also reported high levels of treatment satisfaction based on EDITS scores at 6 months ranging from 65.6% with vardenafil to 82.2% with tadalafil.
Safety
This was an observational, non-interventional study; therefore patient safety was monitored by physicians at each respective study site, but safety measures were not collected and analyzed for this report.
DISCUSSION
Among the 104 Brazilian men with ED who entered this study, 69.2% (n = 72) were persistent after 6 months of PDE5I therapy, while 70.2% (n = 73) were considered adherent through 6 months (Table-2 ). Patients in the tadalafil treatment group exhibited the highest rates of persistence and adherence through 6 months (75.0% for both), with somewhat lower rates for sildenafil and vardenafil (persistence, 64.0% -66.7%; adherence, 60.0% -68.0%).
Comparing baseline characteristics based on persistence and non-persistence at 6 months, men who were subsequently non-persistent were slightly younger, and had a shorter duration of ED. The proportion of patients with severe ED was greater, and the proportion with ED of moderate severity was lower, for persistent versus non-persistent men. Mixed etiology was more prevalent and psychogenic etiology less prevalent in persistent versus non-persistent men. Persistent men also had more full-time employment, higher average educational level, and a higher proportion had diabetes mellitus, hypertension, or coronary As EDITS scores are not collected prior to treatment, data show scores at 6 months, rather than change from baseline. artery disease. Findings for adherence were generally consistent with those for persistence.
Correlation analyses identified no statistically significant correlations with persistence; however, borderline/weakly significant correlations were observed for education level and coronary artery disease, while employment status and ED etiology had p-values just above the threshold to be considered weakly significant. Statistically significant correlations with adherence were seen for employment status and coronary artery disease, with a weakly significant correlation for education level, and ED etiology just above the threshold for weak significance. While borderline/weakly significant findings were not considered statistically significant, they could suggest areas of interest for future clinical studies or patient populations that may require additional care to improve treatment success in clinical practice.
Notably, rates of persistence and adherence were numerically higher with tadalafil versus sildenafil or vardenafil. While the reasons for this finding are unclear, there was numerically greater improvement observed with tadalafil than with sildenafil or vardenafil for most efficacy measures, including the SEAR relationship and self-confidence domains, and the various IIEF domains (including erectile function). Although modest differences in efficacy must be interpreted with caution, patients experiencing better results may have been more likely to continue therapy. However, baseline differences between patients receiving the various treatments could also have contributed to these findings.
The rates of persistence and adherence observed here are difficult to compare directly to some previous reports due to use of chart reviews, differences in follow-up times, or other methodological differences (9, 11, 17) . Nonetheless, the findings are consistent with a persistence rate of 69% (per at least one prescription refill) through 6 months found in patients who began successful therapy with sildenafil (12) , and perhaps with discontinuation rates of 47.6% and 45.4% among men previously treated and men naive to ED therapy, respectively, after a mean of 17-18 months follow-up (18), although higher persistence was reported at 6 and 12 months with tadalafil in one study (90% and 84%, respectively) (10).
In addition to the different numbers of patients assigned to each treatment and differences in some patient characteristics between treatments, other limitations of this study should be considered when interpreting these results. First, as a non-interventional, observational study, conditions of patient and treatment selection, and monitoring of follow-up were less stringent controlled than in a randomized clinical trial, and some factors influencing self-reporting could have differed between study sites. Second, some factors that could be associated with PDE5I persistence/adherence were not included in the analyses, such as the effects of concomitant medications. Third, the sample size was relatively limited, and may not be representative of Brazilian men seeking treatment for ED overall. Finally, the 6-month observational period for this study was relatively brief in comparison to other studies examining treatment compliance, which often have had observation periods ≥ 1 year; thus, the results may be less representative of prolonged PDE5I therapy. Additional study is warranted to further examine PDE5I persistence and adherence in Brazilian men, as well as to further investigate the predictive value of factors correlated with persistence and adherence. Future studies could include larger sample sizes, treatment randomization, regimented monitoring, and observational periods ≥ 1 year.
CONCLUSIONS
In this observational study, 69.2% of PDE5I-naive Brazilian men were treatment persistent with sildenafil, tadalafil, vardenafil, or lodenafil on-demand dosing after 6 months, while 70.2% were treatment adherent. Men who were initially prescribed tadalafil demonstrated somewhat, but not significantly, higher persistence and adherence rates than those who were prescribed sildenafil or vardenafil. Patient characteristics that showed some degree of association with higher persistence and/or adherence rates included higher education level, lack of coronary artery disease, full-time employment, ED of psychogenic origin, and ED of a shorter duration since diagnosis.
